Polycaprolactone (PCL) is a non-toxic and slowly biodegradable synthetic polymer, and is used in making biomaterial products such as surgical sutures, scaffolds, fibres and textile mesh for biomedical applications. Compared to materials of biological origin, PCL has no intrinsic biological capability to enhance healing of damaged cells or tissues. Therefore, a variety of bioactive agents such as proteins are incorporated into polymer matrices to improve biological interactions between the implanted device and cells or tissues. However, addition of structurally different proteins can greatly influence the key physicochemical characteristics of biomaterials, such as mechanical performance and surface morphology. In the present study, keratin extracted from wool was added to the PCL matrix and fibres were extruded using a melt-extrusion technique. Pure PCL fibre had an average tensile strength of 981 MPa, elongation of 19% and Young's modulus of 5.8 GPa. The addition of keratin into the PCL matrix, imposed melt-processing difficulty and reduced tensile strength at higher loadings of keratin (e.g., 10 wt%). However, silane treatment improved the keratin/PCL interfacial adhesion as revealed by electron microscopy and consequently improved melt-spinning, and reduced mechanical stiffness of the material, a key characteristic of suture fibres.
Introduction
Fibres and fabrics based on traditional synthetic thermoplastic biopolymers such polycaprolactone (PCL) are used as implantable biomaterials for medical applications, as they are biocompatible, non-toxic, non-immunogenic and biodegradable. However, these biopolymers barely meet the clinical requirements of positive biochemical signals to interact with cells, which are important aspects for tissue repair [1, 2] . Notably, some proteins of animal origin such as keratin, collagen and whey can improve the interaction between the cells and device environment [1, [3] [4] [5] .
Previous studies revealed that PCL fibre containing natural proteins enhanced the skin closing or healing rate [6] and also human osteoblast cell proliferation for bone growth [4, 7] , compared to synthetic fibre.
Keratins extracted from mammalian fibres are fibrous structural proteins and exhibit a variety of useful biological characteristics such as strong biocompatibility and cell proliferation [8] . However, mechanical strength and surface morphology are critical in determining the ultimate performance of a surgical fibre. Generally, all wound closure biomaterials must retain adequate tensile strength during the critical period of healing, and they should also induce minimal tissue reaction that might interfere with the healing process. Among various criteria, tensile strength and modulus, and surface roughness relating to knot security are key physical parameters for a surgical fibre.
In the present study, wool keratin was incorporated into a PCL matrix during melt-spinning. Key tensile properties and morphological features of the fibres were investigated. 
Experimental

Fibre production
Mechanical characterization
The tensile properties of each fibre were measured according to the ASTM D 3822 method [9] using an Instron constant-rateof-extension tensile tester (model 4202) with a load cell of 100 N and extension rate of 100 mm/min. The tensile strength, Young's modulus and elongation were recorded. Total energy required to elongate the fibre was recorded by calculating the area under the tensile plot. The corresponding percent of elongation was recorded based on the initial fibre length of 2.5 mm equivalent to the gauge length of the Instron. For each fibre sample, total 10 specimens were tested for mechanical characterisation.
Morphological characterization
The cross-sections of cryogenically fractured fibres were gold coated and then scanned using a JEOL JSM -7000F Field
Emission Scanning Electron Microscope. The surface morphologies of selected fibres were also analysed similarly.
Results and discussion
Fibre production
The PCL sutures were prepared by continuous melt-spinning without any processing difficulties up to the keratin content of 5
wt%. The addition of higher levels of keratin in the PCL matrix resulted in the breakage of fibre during spinning. At the initial stage extrudate strands of diameter 0.80 to 1.20 mm were produced, which were subsequently stretched to fine fibres with an average diameter of 15 -60 µm depending on protein content. The average total Replace "stress" with "energy" required to elongate the extrudate into suture fibre is 2.34±0.28 GPa, with maximum elongation of 725±79%. The protein content had insignificant effects on stretching stress and elongation, which implies that keratin acted as non-reinforcing filler in the PCL matrix. It is observed that on removal of the applied stress the suture fibres tended to decrease in length and increase fibre diameter. This shrinkage behaviour was enhanced as the protein content increased. 
Morphological analysis
The surface and cross-sectional morphology of the fibres were assessed qualitatively by SEM. Fig. 2 with neat PCL fibre before and after stretching (Fig. 3) . The SEM images revealed that the stretching of silane treated keratin/PCL fibre generated some marking lines on the fibre surface along its axis, which might increase the co-efficient of friction and resist knot slippage. Notably, the extrudate of keratin/PCL fibre showed a diameter larger than neat PCL extrudate. These morphological features showed that the silane treated keratin (10 wt%)/PCL suture had improved distribution and compatibility of protein with PCL matrix. In the composite fibre, keratin particles act as a dispersed phase, while low viscous PCL acts as a continuous matrix.
Tensile properties
It is well known that the mechanical properties of composite materials or fibres are strongly dependent on the fibre composition and the adhesion, or interaction, at the filler / matrix interface [11, 12] showed mechanical performance comparable to commercially available surgical fibres [13] . The possible coupling mechanism of keratin interaction with PCL via silane is shown in Scheme 1.
Conclusions
Wool keratin is a thermoset material and is not intrinsically 
